Abstract. The objective of this study was to estimate the edge effect on the species richness in agriculturally maintained forest-grassland boundaries of coniferous forest and to determine how species respond to a forest edge. We hypothesised that species number, cover of herbs and mosses is higher in the edge, and species penetrates from nearby grasslands into forest interior. The study was conducted in the Southwestern Lithuania. The edge effect on overall herbaceous species composition of coniferous forests was evaluated by Canonical Correspondence Analysis. The species richness of herbs and mosses in the coniferous forest was highest in the forest edge and declined towards interior. The highest decrease in the number of species occurred within 0 to 5 m to the edge. The highest cover of herbs and mosses was in the forest edge and decreased towards the forest interior. CCA biplot showed a good correlation of overall species composition and the distance to the forest edge. Distribution of species along edge to interior gradient depended on the species response to different ecological factors. Ellenberg value of light was higher in the edge. Ellenberg value of nitrogen was higher in the forest interior.
Introduction
Fragmentation changes the spatial structure of the landscape, increases the amount of edges and induces changes in the abiotic and biotic environment. Fragmentation and habitat loss are among the most important causes of species composition change (Murcia 1995; Haila 1999; Ries et al. 2004) . In many parts of mixed European forest zone, forest harvesting system has transformed the forest landscape into patches of forest islands of various sizes. Forest islands are often isolated from one another by open fields. One consequence of fragmentation is decreasing proportion of interior habitat and increasing proportion of the edge (Murcia 1995; Haila 1999; Matlack and Litvaitis 1999) .
Forest fragmentation necessary leads to an increase in the amount of forest edge. Changes in abiotic and biotic conditions in the edges compared with the interior habitat are called edge effect. These effects are numerous, including changes in wind, humidity, throughfall deposition, radiation, predation, parasitism, and species interactions (Murcia 1995; Donovan et al. 1997; Brazaitis et al. 2005; Wuyte et al. 2008; Marozas et al. 2009 ). Compared with interiors, forest edges typically have different plant species composition and community structure. Edges influence both the ecosystem structure and function through changing pathways of exchange of energy, materials, and organisms between patches (Chen et al. 1995) . At the ecosystem level, processes such as primary production and decomposition can be altered near edges relative to interior patch conditions (Chen et al. 1992) .
Changes in structure, composition and function of edges primarily result from the alteration of microclimate, following the structural modification of the landscape. Microclimate, including solar radiation, moisture, wind, and temperature, is a primary driver of ecosystem and landscape-level processes such as photosynthesis, regeneration, plant growth, nutrient cycling, and decomposition (Perry 1994) . At forest edges microclimatic variables (light intensity and duration, relative humidity, air temperature) and soil factors (pH, organic carbon, total nitrogen, available phosphorus, soil moisture and temperature) change fast over short distances. In comparison with forest interior conditions, edges are generally characterised by higher light, air and soil temperature, wind speed, lower relative humidity and soil moisture as well as by soil processing higher levels of organic carbon, pH, total nitrogen and available phosphorus (Brothers and Springarn 1992; Brothers 1993; Matlack 1993; Young and Mitchell 1994; Camargo and Kapos 1995; Chen et al 1996; De Casenave et al. 1995; Jose et al. 1996; Didham and Lawton 1999) .
In response to these conditions, vegetation structure and composition in the edge is different than that in the forest interior. Typical vegetation responses to the edge environment include increased presence of invasive or exotic species (Brothers and Springarn 1992; Fraver 1994; Cadenasso and Pickett 2001; Lin and Cao 2009) , increased sapling and tree densities (Brothers and Springarn 1992; Chen et al. 1992; Brothers 1993; Fraver 1994) , increased shrub cover (Matlack 1994) , and higher species richness (Brothers and Springarn 1992; Fraver 1994) . Tree species distribution may also vary with distance from the forest edge (Whitney and Runkle 1981; Brothers 1993; Hamberg et al. 2008) , as may be tree mortality from wind throw (Chen et al. 1992; Young and Mitchell 1994; Jönsson et al. 2007) .
To counteract the negative edge effect it is important to understand how species respond to conditions in habitat edges (Haila 1999; Fletcher 2005) . Forest edges are preferred habitat of many species; some of them are edge specialist. Edges of forest fragments are easily invaded by species from surrounding ecosystems and some species may continue invade through the forest edge into interior. Edge habitat is unsuitable for species requiring interior habitat and consequently such species may be lost if fragments become too small (Haila 1999; Harper et al. 2005) .
It is important to know the extent edge effects penetrate into the forest. Knowledge of edge width is critical for the management focusing on the preservation of natural forest characteristics (Brothers 1993) and for setting priorities for conservation. Edge effects are the most significant consequences of fragmentation resulting from natural and human-caused disturbances. The area influenced by edges is an important measurement for ecological studies and natural resource management. A few studies on plant species richness on man-made forest boundaries have been conducted in European forest zone (Luczaj and Sadowska 1997; Honnay et al. 2002; Orczewska and Glista 2005; Hamberg et al. 2008 Hamberg et al. , 2009 .
The aim of this study was to estimate the edge effect on the species richness in agriculturally maintained forest-grassland boundaries of coniferous forest and to determine how species respond to the forest edge. We hypothesised that species number, cover of herbs and mosses is higher in the edge, and species penetrates from nearby grasslands in the forest interior.
Methods

Study area
The study area is located in South-western Lithuania (54°21' -54°55'N, 23°29' -23°41'E). The study area falls in the transitional deciduous coniferous mixed forest zone of Europe (Ahti et al. 1968) . Plain landscape and leached morainic podsols soils prevail. Annual mean temperature ranges from +6.3 to +6.7°C and temperatures of the warmest and coldest months (July and January) are from +16.5 to +17.5 and from -5.0 to -4.7°C, respectively. The annual mean precipitation is 650 to 750 mm. Period with snow continues from 75 to 90 days (Bukantis 1994) . Dominant tree species are Picea abies, Pinus sylvestris, Betula pendula, Betula pubescens, Populus tremula, Fraxinus excelsior, Quercus robur, Tilia cordata. The landscape was extensively fragmented due to forest conversion to agricultural and urban areas in the XIX century.
Vegetation sampling
Eight study sites were chosen in well developed agricultural grassland and forest edges, which were formed at least 50 years ago (four sites in pine dominated and four sites in spruce dominated semi-natural forests). Sites were chosen to minimise slope, canopy heterogeneity, human disturbance and local variation in other factors, which might affect the species composition. Four transects were established in each site. Transects began at the bases of trees that formed the edges and extended perpendicularly in to the forest. The length of transects was 30 m. At the each transect square plots (1×1 m) were set up at distances of 0 m, 5 m, 10 m, 15 m, 20 m, 25 m and 30 m from the forest edge.
Vegetation sampling was conducted during July and August in 2008. All herbaceous species and mosses were recorded and percentage cover of each species was estimated at each plot. Overall herbs and mosses cover was also estimated. Nomenclature according Jankeviciene (1998) was used.
Data analysis
The effect of the edge on overall herbaceous species composition (using the percentage cover as abundance parameter) of coniferous forests was evaluated by Canonical Correspondence Analysis (CCA) (Jongman et al. 1995) using the software CANOCO for Windows (ter Braak and Šmilauer 2002) . Transect identifiers were used as covariables to analyse the response to the distance to the forest edge. Significance of CCA was tested using the distribution-free Monte Carlo test (999 permutations).
In order to estimate the reaction of each species to the edge effect, the indicator values of each species were calculated specified distances to the forest edge. Indicator values of species were determinated using Dufrene and Legendre method (1997) . This method combines information on the concentration of species abundance and faithfulness of the species occurrence at a particular distance from the edge. These were tested for statistical significance using a Monte Carlo technique. Indicator value ranged from zero (no indication) to 100 (perfect indication).
In order to estimate the effect of climatic and edaphic variables on the species composition in relation to forest edge, species indicator values of Ellenberg (Ellenberg et al. 1992) were used for the light (L), soil moisture (F), reaction (R) and nitrogen (N) factors. Indifferent species were excluded from analyses. Indicator values of all species present at the site were averaged in proportion to species percentage cover.
Correlation analysis was applied to assess the relation between species number, cover of herb and moss layers and Ellenberg indicator values to the distance to forest edge. The linear models were fitted to data. The differences at specified distances were assessed by ANOVA. CANOCO software was used for the CCA analyses, PC-ORD software -for the indicator species values calculation and STATISTICA software -for other analyses.
Results
The species richness of herbs and mosses in coniferous forest was highest in the forest edge and declined towards the interior (Fig. 1a) . cover of herbs and mosses was in the forest edge and decreased towards the interior (Fig. 1b, c) . The difference in cover from the forest edge to forest interior reached up to two times. At the edge, the cover of herbs and mosses was almost two-fold higher. CCA biplot shows the relationship between overall species composition and the distance to the forest edge (Fig. 2) . Correlation of overall species composition and the distance was 0.593; Monte Carlo test: F -6.179; p=0.0010. That means that distance to the forest edge explains the substantial part of the species composition variation in the habitat.
Species found only at the forest edge were ( distance to the forest edge (Table 2) . Light value was higher in the edge, explaining forest edge preference by shade intolerant species (Fig. 3a) . Ellenberg value of nitrogen was higher in the forest interior (Fig. 3d) , while Ellenberg values of moisture and reaction did not differ significantly at the specified distance to the edge (Fig. 3b, c) . 
Discussions
Forest-grassland borders are the common component of human-dominated landscapes. One of the features is the increased species richness at edges (Brothers and Springarn 1992; Matlack 1994; Burke and Nol 1998) , although this view has been criticised. The importance of other factors, such as species composition, different abundance of plant species was noticed (Yahner 1988; van der Maarel 1990) .
In case of vascular plants and bryophytes, edge effect increases the species richness (Brothers and Springarn 1992; Matlack 1994; Burke and Nol 1998; Orczewska, Glista, 2005) . Low densities or complete absence of some forest plant species may occur at the edge, but other species may be more common at or restricted to edge habitats (Chen et al. 1992; Matlack 1994; Fraver 1994; Burke and Nol 1998) . In other cases species richness may be lower because of environmental variation (van der Maarel 1990) .
In this study the species richness of herbs and mosses was highest at the edge of coniferous forest and declined towards the interior. The main reason of the increased species richness in the edge was the penetration of species from the adjacent grassland. In the forest edge, species with broad ecological diapason, usually intolerant to light shading occurred. In the interior species tolerant to the light shading were frequently found. Investigations in coniferous forest-grassland edges and previous studies have shown that edges are characterised by species that are shade intolerant, have good vegetative reproduction, and are most often associated with early stages of secondary succession (Whitney and Runkle 1981) . Luczaj and Sadowska (1997) found that the forest-grassland border had different characters for various taxonomic groups. The forest-grassland edge is a zone with both maxima and minima of species richness. Burke and Nol found a significant decline in richness and relative cover of the herbaceous layer at 5 m from the forest edge. An increase in the number of invasive species can occur at the edges (Burke and Nol 1998; Honnay et al. 2002; Pauchard and Alaback 2006) as the result of more favourable microclimatic conditions for these species. Species from adjacent agricultural ecosystems can penetrate into a narrow band at the edge of a forest fragment (Murcia 1995) and the presence of these species can result in the modification of the vegetation structure and floristic composition as compared to the interior. Lloyd et al. (2000) concluded that the occurrence of edge species, different species richness in edges and the occurrence of exotic species in edges are all features that depend on the particular ecological conditions, and the ecology of the species present, rather than on intrinsic properties of edges. This study in the coniferous forests-grassland edges showed that grassland species occur only in the narrow band of forest edge.
The extent to which these factors vary with distance from the edge may be influenced by aspect or orientation. Edges facing south and west in the northern hemisphere are typically broader than those facing north and east (Matlack 1993; Fraver 1994; Honnay et al. 2002) . Edge effects are reduced by the presence of a protective border. Edge effects can extend from 5 to 200 m, depending on the type of a forest and exposition (Chen et al. 1992; Fraver 1994; Young and Mitchell 1994; Burke and Nol 1998) . Honnay et al. (2002) found maximal width of the edge zone more extensive at south facing (ca. 20-23 m) than at north facing (ca. 0-3 m) edges. Gehlhausen (2000) showed that most microclimatic edge effects disappeared within 40-80 m. In temperate zone invasion of disturbance-adapted plants may range from 10 to 30 m from the edge into the forest interior. Hamberg et al. (2009) concluded that forest edge structure had an effect on understory vegetation and on the spatial extent of the edge effect into the forests. He found that at open edges the edge effect (in terms of the abundances of understory vegetation) penetrated at least up to 30 m into the forest patches whereas closed edges may prevent these effects.
This study showed that the highest changes in species composition occurred at the distance up to 5 m to the edge. The edge effect on the species composition was observed up to up to 20 m into the interior.
